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Abstract: The state-of-the-art energy storage device for electric automobiles, large and small
electronic appliances, and even modern aircraft is the lithium-ion battery. These batteries have energy
densities of the order of 100 Wh/kg. However, lithium-ion batteries have relatively long charging
times. Ultracapacitors, on the other hand, can be recharged in seconds. But their energy densities are
lower than that of lithium-ion batteries. Recent approaches to both batteries and ultracapacitors have
resulted in performance increases for both types of devices. The addition of nanostructured electrodes
to lithium-ion batteries, for example, provides shorter ion diffusion distances and the introduction of
dopants increases the ion transport efficiency. But charge/discharge stability over thousands of cycles
has not been achieved. The use of activated carbon in ultracapacitor electrodes has resulted in
increases in their energy densities, but they still are about one order of magnitude lower than those of
lithium-ion batteries.
We have been developing thin film ultracapacitors with graphene electrodes that achieve energy
densities comparable to those of thin-film lithium ion batteries and power densities comparable to
those of activated carbon ultracapacitors. The surface area of graphene matches or exceeds that of
activated carbon, allowing for ultracapacitors with very large capacitances. However, the extremely
large electrical conductivity of graphene, which surpasses the conductivity of any type of activated
carbon by a factor of two, produces ultracapacitors with much larger capacitances. Testing of these
devices shows that they remain stable after 10,000 charge/discharge cycles. An energy storage device
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For	more	information	visit	techport.nasa.gov
Some	NASA	technology	projects	are	smaller	(for	example	SBIR/STTR,	NIAC	and	Center
Innovation	Fund),	and	will	have	less	content	than	other,	larger	projects.	Newly	created	projects
may	not	yet	have	detailed	project	information. Printed	9/9/2015
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